Objectives-A role for Klebsiella pneumoniae in ankylosing spondylitis (AS) has been suggested because faecal carriage of Klebsiella and serum Klebsiella specific antibodies may be increased in this disease. This study has extended the earlier findings by comparing Klebsiella specific serum IgA class antibodies with inflammatory changes in the gut. Methods-IgA antibodies to K pneumoniae, Escherichia coli, and Proteus mirabilis in serum samples of 25 patients with AS, of eight control patients, and of 100 healthy blood donors were measured by enzyme immunoassay. Gut inflammation of the patients was studied by ileocolonoscopy. Results-Increased IgA antibody concentrations to K pneumoniae associated with gut inflammation in patients with axial form of AS. Such association was not seen in patients with peripheral form of AS. Conclusions-These findings may provide further evidence for the role of K pneumoniae in the pathogenesis of AS. However, at least some of the patients with axial AS without gut inflammation, as well as patients with peripheral AS did not have increased K pneumoniae antibody concentrations, which may be regarded as evidence against the direct role of K pneumoniae in the pathogenesis. The aetiopathogenetic mechanisms in the axial and peripheral form of AS may be diVerent.
The aetiology of ankylosing spondylitis (AS) is still unknown but the Gram negative microorganism Klebsiella pneumoniae has been suggested to play an important part in the pathogenesis, [1] [2] [3] [4] although this association between Klebsiella and AS is still a subject of controversy. 5 A high frequency of inflammatory changes 6 7 and increased permeability of the gut, 8 as well as high serum concentrations of total IgA and secretory IgA support the role of gut and mucosal immune defence mechanisms. Furthermore, AS can be divided into two forms: (a) patients who have pure axial form of the disease and (b) patients with not only axial, but also peripheral joint arthritides. There have been suggestions for diVerent aetiopathogenetic mechanisms for these two forms. 3 For example, ileocolonoscopic diVerences have been reported between patients with axial and peripheral form of AS. 6 7 In addition, sulphasalazine, a drug used to treat inflammatory bowel disease, seems to be especially eVective in patients with the peripheral type of AS. 9 We have extended the earlier findings by comparing Klebsiella specific serum IgA class antibodies with inflammatory changes in the gut in patients with axial and peripheral types of AS.
Methods
Twenty five patients with AS (only axial form, 14; also peripheral arthritides, 11; with mean (SD) duration of disease 7.1 (4.9) and 6.3 (5.3) years, respectively) and, as controls, eight patients with miscellaneous rheumatic diseases (rheumatoid arthritis, 3; low back pain, 3; fibromyalgia, 1; psoriatic arthritis, 1), and 100 healthy blood donors were studied. 6 In patients with axial and peripheral AS the mean (range) erythrocyte sedimentation rates (ESR) were 36 (5-80) and 47 (6-86) mm/h, respectively; the corresponding figures for C reactive protein (CRP) were 27 (0-103) and 41 (0-160). The ESR and CRP values for control patients were 39 (2-88) and 18 (2-57). Of the AS patients all 23 tested were HLA-B27 positive; of the control patients three were HLA-B27 positive. Eleven (79%) of the patients with axial AS, nine (82%) of the patients with peripheral AS, and six (75%) of the control patients received non-steroidal anti-inflammatory drugs within one month before the ileocolonoscopy. Ileocolonoscopies were performed for patients as described earlier 6 for a clinical indication of silent gut inflammation. Patients with previously diagnosed inflammatory bowel disease or with chronic diarrhoea were excluded from the study. Of the AS patients, eight were identified as having inflammation in ileum (four patients with axial and four with peripheral form of AS), nine in colon (three with axial and six with peripheral form of AS), and 14 in ileum or in colon (six with axial and eight with peripheral form of AS). Thirteen 1997;56:180-183 patients (eight with axial and five with peripheral form of AS) were identified as having chronic inflammation in the gut. Ten patients (six with axial form and four with peripheral form of AS) had possible or definite Crohn's disease. 6 In control patients with other rheumatic diseases the endoscopic findings were normal, except for one patient with mild inflammation in colon. IgA class serum antibodies against K pneumoniae, Escherichia coli, and Proteus mirabilis were measured by enzyme immunoassay (EIA) as described earlier. 2 3 Briefly, the polystyrene microtitre plates (Nunc, Roskilde, Denmark) were coated with sodium dodecyl sulphate extracts of the bacteria in phosphate buVered saline (PBS) overnight at 37°C. The plates were saturated with 1% normal sheep serum in PBS (NSS-PBS). Patient serum samples at 1:250 dilution were incubated on the plates for two hours at 37°C. Thereafter, alkaline phosphatase conjugated swine antihuman IgA (Orion Diagnostica, Espoo, Finland), diluted 1:250, was incubated on the plates overnight at room temperature. Fresh p-nitrophenyl phosphate in diethanolamine-MgCl 2 -buVer solution (1 mg/ml; Orion Diagnostica) was added, incubated for 30 minutes at 37°C, and the reaction stopped with 1 M sodium hydroxide. The optical density was measured with a Titertek Multiscan Photometer (Labsystems, Helsinki, Finland) at a wavelength of 405 nm. Antibody concentrations were expressed as enzyme immunoassay units (EIU): 1 EIU is 1/100 of the corresponding antibody concentration in the positive reference serum.
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The median concentrations of antibodies in diVerent groups were compared with the Mann-Whitney test.
Results

Similar to earlier findings
1-4 the AS patients had higher IgA class serum antibody concentrations against K pneumoniae when compared with the healthy controls (mean (SD) EIU: 20.9 (27.0) and 12.3 (11.4), respectively; p < 0.05). When the patients were grouped as having either axial or peripheral type of AS, this increase was seen only in patients with axial type of the disease (28.7 (33.2); p<0.001). No statistically significant increases were seen in the IgA antibody values against E coli or P mirabilis in the AS patients.
When K pneumoniae specific serum antibody concentrations were analysed in relation to ileocolonoscopic findings, the patients with axial AS and gut inflammation always had higher average Klebsiella specific IgA class antibody values when compared with the patients without these gut lesions and with the control groups (fig 1) . When the Klebsiella antibody concentrations were analysed in patients with peripheral form of AS, no clear picture emerged (fig 2) . The Klebsiella antibody values were sometimes even higher (not statistically significant) in patients without a gut inflammation when compared with those with that same type of gut inflammation.
The association between the increased Klebsiella specific IgA class antibody concentrations and gut inflammation in AS patients with pure axial form of the disease seemed to be specific for K pneumoniae, as no such increases were seen in the P mirabilis specific antibody concentrations in patients with gut lesions, and only patients with inflammation in colon had increased antibody concentration to E coli (p<0.05) when compared with the blood donors.
Interestingly, the patients with peripheral type of AS and inflammation in ileum (p<0.01), chronic inflammation (p<0.05) or inflammation in ileum or colon (p<0.05) had significantly lower antibody values to E coli than blood donors.
Discussion
Our results show that the Klebsiella specific IgA class serum antibody concentrations are increased and associated with gut inflammation, but only in patients with pure axial AS. This is logical as Klebsiella bacteria and their structures may pass into circulation more easily and in larger amounts through the inflamed mucosa to stimulate systemic immune responses. K pneumoniae shares short sequence with the major histocompatibility antigen HLA-B27, 10 which is closely associated with AS. Such mimicking could lead to unwanted cross reactivity (autoimmunity) or ineVective clearance (inappropriate tolerance) and thus to changed immune responses 10 and consequently to the persistence of bacterial structures in the body as shown to be the case in another HLA-B27 associated disease, reactive arthritis. 11 12 However, mechanisms determining specificity of this phenomenon (association of increased enterobacterial antibody values with inflammation in the gut) primarily to Klebsiella and only to the pure axial form of AS are unknown and hence further studies and with a larger number of patients are warranted.
These findings may provide further evidence for the role of K pneumoniae in the pathogenesis of AS. However, many of the patients with pure axial AS with and without gut inflammation, as well as patients with peripheral AS did not have increased K pneumoniae antibody values, which may be regarded as an evidence against the direct role of K pneumoniae in the pathogenesis. The finding of increased antibody concentration to E coli in patients with inflammation in colon may have been caused by the close similarity of certain antigens of these microbes. The significantly lower antibody concentrations against E coli in patients with peripheral AS when compared with the blood donors is diYcult to interpret, but this is another dissimilarity between axial and peripheral forms of AS. Furthermore, as suggested already in the 1900s 13 and as continuously discussed today, the aetiopathogenetic mechanisms in the axial and peripheral form of AS may be diVerent.
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